56 &

Tannin Content and Other
Characteristics of Native
Sumac in Relation to Its
Value as a Commercial

Source of Tannin

By
IRA D. CLARKE
Chemist
and
J. S. ROGERS
Head
Hides, Tanning Materials, and Leather Division
Eastern Regional Research Laboratory
Bureau of Agricultural and Industrial Chemistry
A. F. SIEVERS
Biochemist
Division of Tobacco, Medicinal, and Special Crops
Bureau of Plant Industry, Soils and Agricultural Engineering
Agricultural Research Administration

and

HENRY HOPP
Soil Conservationist
Erosion Control Practices Division
Soil Conservation Service Research



Tannin Content and Other Characteristics
of Native Sumac in Relation to its Value
as a Commercial Source of Tannin'

By Ira D. CLARKE, chemist, and J. 8. RocERs, head, Hides, Tanning Malerials,
and Leather Division, Easlern Regional Rescarch Laboralory, Bureaw of Agri-
cultural and Industrial Chemistry; A. F. Sievers, biochemust, Division of To-
bacco, Medicinal and Special Crops, Bureau of Plant Industry, Soils and Agri-
cultural Engineering; Agricultural Research Adminisiration; and HENRY Horp,
sloil conservationist, Erosion Control Practices Division, Soil Conservation Service
Research ?

CONTENTS
Page Page
Introduction_ - . - o oo ooao-- 1| Results—Continued.
Review of literature. . _._.----- 3{ Barkandwood.__._-.------ 38
Description, distribution, and TFlowers and seed_ .- .- - - - -~ 39
abundance of the species DiscussioN e oo cmcmm e e 40
studied-.-___- I 7{Summary . -ccooooooeaoo oo 42
Procedure and methods- .- ----- 18| Literature cited .- - - - oo oo -- 43
ResultS_ - cccocicocmia e 22| AppendiX. o . - cocoooooo- 45
Leaves oo coocmiooaea 221 Detailed analyses__..---.---. 45
Leaflets and petiole-rachises- - 87| Lists of samples used in deter-
StemS oo c e cecece - 38 mining various associations. 74
INTRODUCTION

The domestic supply of vegetable tannins for many years has fallen
far short of the needs of the leather industry. Before World War 11,
about 60 percent of the tannin used in the United States was imported.
During the war, the shortage of tannin became acute, and after the
war there was considerable uncertainty concerning prices and deliveries
of important foreign tannins such as quebracho. The supply of chest-
nut wood, the present most-important source of domestic .tannin, is
continuously decreasing as a result of the blight. New or undeveloped
sources of domestic tannin are needed to relieve this country’s depend-
ence on foreign tannin,

1 Submitted for publication April 20, 1949.

2 The assistance of the following persons in this work is gratefully acknowledged:
E. T. Steiner, F. P. Luvisi, J. S. Staubley, and Alan Eberle, of the Bureau of
Agricultural and Industrial Chemistry, for analyses of many samples; G. A. Rus-
sell, M. S. Lowman, and J. W. Kelley, of the Bureau of Plant Industry, Soils and
Agricultural Engineering, and S. B. Detwiler, C. S. Britt, H. T. Hopkins,
Ivan Boyd, and J. M. Aikman, of Soil Conservation Service, for collection of
samples: and C. H. Miiller, formerly of the Burcau of Plant Industry, Soils and
Agricultural Engineering, for identification of herbarium specimens.



Sumac, & well-known native tanning and dyeing material, might be
used advantageously to meet part of this demand: Although not
suited for heavy-leather tannage, its use in the tanning of light-weight
leathers could be largely expanded.

Sumac is used for tanning either in the form of the ground leaf or
as an extract. 'Tanners of light-weight leather value sumac highly be-
cause it produces soft, durable, light-colored leathers. Tanners of
medium-weight leathers use it for retanning because it lightens the
dark color produced by some tanning materials and produces a uniform
and desirable feel.

Sumac has attracted attention in the United States in recent years
not only because of the ever-diminishing supply of raw tanning mate-
rials and the need for domestic replacements, but also because of the
demand for plants that prevent soil erosion. Sumac has a shallow,
spreading root system, which aids in holding soil (5) 2, and it is capable
of growing on poor, eroded soils. In the last 10 years, the Soil Con-
servation Service has used sumac, particularly dwarf sumac (Rhus
copallina L.), white or smooth sumac (R. flabm 1.), and staghorn
sumac (R. typhina Torn.), for erosion-control plantings in the Eastern
States. These species have proved especially successful for checking
erosion in the heads of gullies. Owing to its erosion-control value,
wide adaptability, and ease of propagation, sumac would be a good
crop for land that is too easily eroded to grow other crops.

Sumac plantings have value also as protection for wildlife, on
account of the cover and food they provide (23).

Much of the sumac now used commercially originates in Sicily,
where one species, Rhus coriaria L., has been grown under cultivation
for hundreds of years and is so handled as to produce a material of
high quality. A domestic product, usually known in ‘the trade as
American or Virginia sumac, has also been marketed for many years,
but it is of poor quality in comparison with the imported product.
The principal source of "American sumac is Virginia; smaller amounts
come from Maryland, West Virginia, and possibly one or two neigh-
boring States. Accurate data on the source and amount marketed,
however, are not available. Figures obtained directly from sumac
dealers indicate that they purchased more than 640 tons of domestic
sumac in 1933. According to data furnished by five leading manu-
facturers of tanning extract, the amount of domestic sumac used for
the manufacture of extract from 1937 to 1944 averaged about 1,108
short tons a year.

After importation of Sicilian sumac was stopped by the war in 1941,
an effort was made to increase collection of American sumac, but with-
out much success. During the last 4 or 5 years, commercial collection
of white or smooth sumac, Rhus glabra, has been started in Iowa, but
it is still in the experimental stage. The reason for the low collection
appears to be economic. The market price is high, as compared with
that of other tanning materials, yet it is too low to yield an adequate
return to labor. Collecting is now done principally by farmers during
their spare time or by older persons and children as part-time em-
ployment.

Mechanical handling and other means for improving the quality

3 Ttalic numbers in parentheses refer to Literature Cited, p. 43.



and lowering the cost of sumac are being studied. Although some
data are available from previous work, additional information is
needed on the following points: (1) Tannin content and quality; (2)
distribution and abundance; (3) habit of growth and leaf character-
istics; (4) case of collection; and (5) tanning properties.

To provide some of the information needed for determining the
commercial value of the different species, a study was made of the
sumac in 18 Eastern and Southern States. Although there was no
opportunity to obtain samples throughout the area where the species
grow, especially those that grow over a wide range, sufficient samples
were collected to furnish the information required. This evaluation
of sumac concerns primarily its tannin content. Many other quali-
ties, such as the ability to impart weight, flexibility, softness, or other
desirable properties to leather, must ultimately be considered in using
the sumac commercially for tanning.

REVIEW OF LITERATURE

The usefulness of native sumac as a source of tannin has long been
recognized. As early as 1869, the qualities of some of the American
species, as compared with those of the Sicilian, were discussed in the
Report of the United States Commissioner of Agriculture (21, pp.
65-66,; 230-232, 421). 1t is stated that the tannin contents of sumac
from Girardstown, W. Va., Fredericksburg, Va., and the District of
Columbia range from 18.25 to 28.20 percent. The species are not
given. In the same report, the possibilities of domestic sumac are
discussed in considerable detail. Rhus copallina, R. glabra, and R.
typhina, together with four less important species, are reported as
having commercial value. It is claimed that domestic sumac is
inferior to Sicilian sumac only in that it does not produce a white
leather. Some facts concerning cultivation of sumac in Sicily are
given, and a mill for grinding sumac is described. The domestic
cultivation of sumac to meet the demand for it in the dyeing and tan-
ning industries is predicted. The method of preparing sumac for
market in Rhode Island is also described. The young growth, cut
before the leaves have turned, is dried in the sun, protected from dew
and rain, which injure it.

The collection of sumac appears to have been confined largely to
the States along the eastern coast line, but in the Report of the United
States Commissioner of Agriculture for 1872 (22, p. 499), attention is
called to the shipment to England of 12,000 pounds of sumac from
Missouri.

In the Report of the United States Commissioner of Agriculture for
1877, the chemist, William McMurtrie (13), reviewed the results of
an investigation of American sumac. It was found that samples of
Rhus glabra from Georgetown, D. C., and Winchester, Va., contained -
16.50 and 23.56 percent of tannin, respectively; a sampleof R. typhina
from Georgetown contained 16.18 percent; and one of R. copallina
from Winchester, 16.99 ‘percent. The difference in market value of
Sicilian and American sumac was reported to be due to the yellow
coloring matter in the latter. To overcome this, it was suggested
that the sumac be collected in June, although the tannin content is
greater in July. It was also suggested that the collections made in



June be used for tanning delicately colored leathers and that the July
collections be used for tanning dark-colored leather and dyeing dark-
colored goods.

McMurtrie (14) in 1880 reviewed the general information then avail-
able concerning the species of sumac of value for tanning, both in
Europe and the United States, including soil requirements, and methods
of propagating, harvesting, drying, and preparing for market. To
assure maximum quality of the domestic article, he recommended that
the leaves be collected when in full sap, before they have turned red,
or have been affected by frost. He stated that the leaves may be
allowed to wither on the stalk before being carried to the drying
shed, that they must not be scorched or bleached by the sun, and that
at least 1 month is required to dry the product enough to market it.

Kalteyer (12) in 1892 reported an investigation of Texas sumac
begun in 1873 to determine yields, the most favorable time for collec-
tion, and the percentage of tannin in the leaves, stems, berries, roots,
and root bark; to devise methods of preparation for market; and to
compare its quality with that of sumac from other places. Rhus
copalling was the most abundant in the State and much taller than -
in the Northern States. Its tannin content was higher than that of
any other species examined except the best Sicilian. The average
tannin contents of three samples of Texas sumac and three of Virginia
sumac were reported to be 21.94 and 20.76 percent, respectively.
Kalteyer proposed cutting the young branches, letting them lie on
the ground for 1 or 2 hours, drying with heat at about 80° C., and
then threshing them well to remove the leaves, which were later to
be ground and bagged. Other species growing in the State were R.
8icrophylla, Engelm., R. trilobata Nutt., and E. virens Lindh. ex A.

ray.

In 1900 Peacock (15) published a summary of the results of an
investigation of tannin plants by Trimble. Analyses were reported
of the leaves, berries, flowers, and bark from the roots and stems of a
number of piants of several species of sumac collected near Philadel-

hia, Pa. Data on the source, date of collection, degree of red color
in the leaves, and other related conditions were included. The
minimum and maximum percentages of tannin in the leaves of three
species were -as follows: Rhus copalling, 17.74 and 42.51; R. glabra,
13.83 and 40.52; R. typhina, 17.41 and 28.64. The highest percentage
in each species was found in July.

Stockberger (20) in 1910 emphasized the possibility of growing
Rhus glabra and R. copallina under cultivation in the sections of this
country in which they are collected in commercial quantities. He
pointed out that the former contains from 15 to 25 percent tannin and
the latter as high as 38 percent and that E. copallina from certain
localities makes a lighter colored leather than the commercial Sicilian
sumac. He suggested that this quality and high tannin content
might perhaps be maintained in plants cultivated in favorable localities
and a product of high value thus produced. He also called attention
to the fact that the plant is easily cultivated and that a method of
harvesting could be used similar to the one used abroad, where the
branches are cut with a mowing machine and the leaves, when dry,
are removed by threshing.



The wide variation in the quality of the leaves of the three species,
Rhus typhina, R. glabra, and R. copallina, in Virginia and West
Virginia was shown in 1910 by Delaney (10), who reported the analyses
of 20 samples. Five samples of leaves and four samples of stems of
R. glabra contained from 10.1 to 35.7 and from 4.0 to 9.5 percent of
tannin, respectively. Two samples of leaves and stems combined
contained 18.6 and 26.3 percent, respectively. Two samples of
leaves of R. copallina contained 31.5 and 31.7 percent; two samples of
stems, 5.8 and 10.9 percent, and one sample of leaves and stems
combined, 17.6 percent. The average tannin content of a number of
leaf and stem samples of R. typhina from Virginia was 29.3 percent.
In a sample from West Virginia, the leaf portion contained 11.9
percent of tannin, and the stem portion contained 4.7 percent. It is
stated that the three species are often collected and mixed indiscrimin-
ately and that the buyer does not know what kind of sumac he is
getting. The sole difference between domestic and foreign sumac, it
1s pointed out, is that the former contains more of the red coloring
matter and hence is less satisfactory for making lieht-colored leather.

Veitch, Rogers, and Frey (25) in 1918 reported an investigation of
American sumac, with particular reference to its commercial use.
Subjects discussed are the kinds and quality of sumac desired by
extract manufacturers, the proper time to gather it, the quantity
that one person can gather in a day, loss in curing and handling, and
prices obtained by collectors. Analyses of samples of the three most
important species, namely, Rhus copallina, R. glabra, and R. typhina
(which they call R. hirta L. Sudw.) led to the conclusion that the first
mentioned, dwarf sumac, contains more tannin than the other two.
They found that the stalks of this species contain from 5 to 10 percent
of tannin, which, they point out, justifies the extraction of the stalks
for the preparation of an extract for tanning when color is not a
primary consideration. They cite the experience of extract makers
that sumac from Virginia, West Virginia, North Carolina, and western
Kentucky contains more tannin and yields more extract than that
from States farther north. Tt is stated that lack of care and attention
in gathering and curing the sumac is responsible for inferior quality
and that heating and molding, undue exposure to the sun, or any ex-
posure to dew or rain reduces the tannin content. To improve the
quality of the sumac, it is suggested that buyers and collectors co-
operate and that buyers pay for the sumac on the basis of quality,

The importance of sumac to the American tanner was discussed by
Hoar (11) in a report published in 1923. He compared the tannin
contents of the three domestic species used commercially, and pointed
out that the leaves of the upper extremities of the stalks contain more
tannin than those of the base and that increase in age of the plant is
accompanied by a general reduction of tannin content. He suggested
that sumac be collected in June to assure the least color effect on the
leather tanned with it.

Russell (16) in 1943 reported an examination of 14 species of 6 genera
of the sumac family found in the southeastern United States. He
rejected all but 3, Rhus copallina, R. glabra, and R. typhina, as having
no practical possibilities. Since small-scale tests indicated that E.
copallina was definitely superior to R. glabra and R. typhina, additional
work was limited to R. copallina. Full-scale tann ery tests were then



made, from which he concluded that properly prepared leaf material
of domestic R. copallina could satisfactorily replace Sicilian sumac
leaf both for retanning chrome skivers in the blue and for tanning
pickled skivers; that R. copallina leaf gave firm, well-filled, near-white
tannages on both pickled calf and goat leathers; that the darker shade
of the domestic tannages could probably be avoided by stone milling
the cured leaf to prevent contamination by traces of iron; that partial
bleaching in the sun before final curing might improve the color; and
that the slightly inferior plumping action of the domestic product was
probably an inherént property of the tannin. He stated that differ-
ences between the domestic and Sicilian tannages could be detected
only by an experienced tanner.

In a later test, reported in 1943, in which a mixture of leaves and
stems of Rhus copallina containing 21 percent of tannin was used,
Russell (17) found that tanning was unsatisfactory. This he ascribed
to the large proportion of stems in the material and the low tannin
content. He concluded that some process for improving quality
similar to that used for Sicilian sumac would have to be applied to the
domestic product. :

Sievers and Clarke (18) in 1944 reported the results of several years’
investigations on growing Rhus copallina, R. glabra, and R. typhina
from seed and root cuttings and also the effect of cutting the plants
on the yield and tannin content of the material harvested in subse-
quent years. The results were not conclusive, but the following
trends were observed. The tannin content was higher in midseason
than near the end of the growing season; plants grown from rootstock
yielded more material of higher tannin content the first year than
plants grown from seed, but the yield and quality were low in both
cases; when plants were grown from seed, the tannin content of the
leaves increased each year for at least 3 years; there appeared to be
little relation between the tannin content and the total number of
previous cuttings; two cuttings in a year were not advisable for 1- or
2-year-old plants because the second cutting did not yield enough to
pay for the labor; in all cases the stems were so low in tannin content
that their separation from the material greatly improved its quality.
Evidence was obtained indicating that high tannin content is an
inherited quality and that this may be the basis for developing more
desirable types.

Boyd (4) in 1943 described a method of treating sumac seed with
sulfuric acid to improve germination, and the following year he re-
ported (5) a study of the root systems and the value of sumac for
controlling erosion. In 1944 he also published another report (6), in
which he stated that the tannin content of Rhus aromatica Ait.
ranged from 15.0 to 26.3 percent, with an average of 21.2, that of R.
copallina frora 22.9 to 39.6 percent, with an average of 33.4, that of

'R. glabra fror 15.2 to 34.9 percent, with an average of 26.6, and that
of R. typhina from 14.8 to 33.0 percent, with an average of 24.2.

Barger and Aikman (2) in 1945 deseribed methods and equipment
for harvesting, drying, separating stems from leaves, and baling
Rhus glabra in Iowa.

Clarke and Hopp (8) in 1945 published a study of the effect of
method of dryving on the composition of Rhus copallina leaves.  They
stated that “the data indicate that a desirable light-colored leather,



generally comparable in this respect with that produced from Sicilian
sumac, can be obtained if the leaves are dried rapidly either by spread-
ing them out in the sun or in an oven with artificial heat. The pro-
duction of undesirable dark-colored leather from dwarf sumac appears
to be associated with decomposition products formed within the leaves
during slow drying.”

A commercial test designed to compare the relative values of
Sicilian sumac and three species of domestic sumac for tanning sheep-
skin skivers was reported by Clarke, Mann, and Rogers (9) in 1946.
They gave the order of decreasing preference expressed by the tanner
a,ls Ifollows: Rhus coriaria (Sicilian); R. copallina, R. typhina, and R.
glabra.

DESCRIPTION, DISTRIBUTION, AND ABUNDANCE OF THE
SPECIES STUDIED

Several species of sumac are indigenous to the United States, but
only three—Rhus copallina, R. glabra, and R. typhina—have been
utilized commercially as a source of tannin, and R. typhina has never
been used extensively. They are abundant in various areas in the
eastern and central parts of the United States. They are well adapted
to commercial utilization in that they are relatively leafy and yield
much usable material and they frequently grow in large, dense stands,
facilitating collection of the leaves and small branches. The
season’s growth can be broken or cut off rapidly, and the proportion
of leaf in the material thus obtained is relatively high. ‘

Besides these three species, five others that grow in the eastern half
of the country were studied in this survey. ~These are Rhus aromatica,
R. lanceolata (A. Gray) Britton, R. microphylla, R. trilobata, and R.
virens. The first was collected only in Towa, and the remainder only
in Texas.

Table 1 shows the geographic distribution of each species studied
and the approximate size of the plants and leaflets.* Figures 1 to 8
show the size and shape of leaves and leaflets of each species and dis-
tribution of the leaves on the stems.

It will be noted that the leaves of Rhus aromatica and R. trilobata
have only three leaflets and that the leaflets of R. trilobata and .R. mi-
crophylla are extremely small. R. lanceolata and R. virens also have
relatively small leaflets. Because of the size of the leaves, commer-
cial utilization of these species does not appear practical. The three
species that have been utilized, namely, R. copallina, R. glabra, and
E. typhina, are undoubtedly the best, and since they are also the
most abundant and generally of satisfactory quality, their utilization
is entirely logical.

The approximate range of each species in the area included in this
survey is indicated in the small maps in figures 1 to 8, which are
based on data by Barkley (3). No doubt the species are found occa-
sionally outside the limits shown but not in any abundance, and there
may be large areas within the indicated range where they do not occur

1 Plants of the species of Rhus under consideration here have compound leaves
with three or more leaflets. The leaflets vary in number and size according to
the species and individuality of the plant (fig. 2).
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Fraure 1.—Twigs of Rhus aromatica Ait.

at all. The extreme limits of the range of a species are of only minor
significance in determining the areas where collections may be prac-
tical. Sporadic stands usually do not provide sufficient material to
make collection worth while, but if other useful species are found in
the same locality, gathering mixed material may be practical.

Figure 9 shows the areas of greatest abundance of the three species
commercially important at present. These are much less extensive
than the ranges indicated in the small maps mentioned. Even in
these more restricted ranges, the species are by no means always
found in sufficient abundance for profitable collection. The heavy,
black lines define areas in the parts of the country covered by this
survey in which the collection of these three species can most logically
be recommended. Thus the area where the collection of Rhus typhina
should be most practical is north of a line running along the southern
boundarics of Lake Michigan, Lake Erie, and New York, and in a
narrow arca extending south along the Allegheny Mountains through
West Virginia. R. copallina is most abundant through much of the

833972°—49——2



Ficure 2.—Twig of Rhus copallina L. a, Stem; b, petiole; ¢, rachis (winged in
this species but not in the others); d, lateral leaflet; e, terminal leaflet.

Coastal Plain, northern Florida, and the Gulf States. The northern
Jimits of the range in which its collection is practical extends {rom
southern New Jersey through central Virginia and North Carolina,
then west to include most of Tennessee, and thence southwest through
Arkansas and east Texas. R. glabra is found in sufficient abundance
in numerous localities in the area extending from southern New Eng-
land through the Middle Atlantic States and west to include the
central Mississippi Valley. It is too scattered in the Plains States
to make its collection there feasible..



Although cach of the three areas shown in figure 9 is assigned to
a different species of sumac, there are locations in cach in which col-
lectible quantities of another specics are found.

The total quantity of wild sumac leaf available for commercial
utilization has never been accurately estimated, but no doubt it far
exceeds the present market demand. As was pointed out in the intro-

.

duction, users rely mainly on foreign sources for their supply. The
quantity actually available in this country, however, is of interest
because of the need for new sources of tannin to augment the dwindling
commercial supply.

In 1942, shortly after the entry of the United States into World
War II, an immediate need arose for an increased amount of sumac

leaf. A rapid survey was made at that time in southern Virginia to

Ficure 3.—Twig of Rhus glabra L,
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Figure 4.—Twigs of Rhus lanceolata (A. Gray) Britton.

determine the amount available there. A transect was laid out across
the entire southern part of the State, from the Kentucky border to
the Atlantic coast, in & band 31.6 miles wide along the North Carolina
line (fig. 10). The transect was sampled along & center line by means
of plots 1 square mile in area at intervals of 31.6 miles. For the
31.6-mile transect, this gave a coverage of 1:1,000. The plots were
located on 2 lar%e-scale base map before the survey was started.
Aerial photographs of each plot (scale, 8 inches to a mile) were ob-
tained, so that the boundaries could be readily identified in the field.

All the open land, field borders, fence lines, hedgerows, roads, lanes,



and (Yvoods borders on cach plot were traversed to locate the sumac
stands.

Forests were not surveyed, since the scaltered sumac plants in
forests cannot justifiably be considered as collectible. Scattered indi-
vidual plants were not counted for the same reason. The stands of
sumac were outlined directly on the aerial photograph, and notes were
taken as to (1) species, (2) density per 100 square feet (in round
numbers), (3) average height to the nearest foot, (4) character of
stand, and (5) slope and other factors that might influence collecti-
bility. The area of each stand was measured with a planimeter, and
an estimate was made of the approximate number of plants present.
The yields of leaves were calculated from a yield table ® constructed

INGHES .
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Fiauns 5.—Twigs of Rhus microphylla Iingelm.
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5 Based on unpublished colleetion data.
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Ficure 6.—Twigs of Rhus trilobata Nutt,




Ficure 7.—Twig of Rhus typhina Torn.



Ficure 8.—Twig of Rhus virens Lindh.

to give the quantity of leaves obtainable per plant, according to size
and type of growth.

The map in figure 10 shows the location of the sample plots in the
area. The graph below the map shows the distribution of the species.
A mixture of Rhus glabra and R. copallina occurred in the Cumberland
Platoau area of western Virginia. The Blue Ridge area east of the
Shenandoah Valley was characterized by E. glabra and smaller pro-
portions of R. typhina, but R. copallina was practically absent. On
the Piedmont Plateau there was a mixture of R. copallina and R.
glabra, and in the Coastal Plain almost all the sumac was R. copallina.

Based on this distribution, the arca was divisible into three belts,
and the estimates were compiled separately for each, as shown in the



lower part of figure 10. The western belt contained sufficient Rhus
copallina and R. glabra combined to yield an estimated 6,000 long tons
of air-dry sumac leaf annually; the .central belt contained 28,000
long tons, consisting mainly of E. glabra and smaller proportions of
R. typhina and R. copallina; the castern belt contained 9,000 long
tons, consisting almost entirely of R. copallina.

This survey, which is probably the only estimate of collectible
sumac made by careful ficld measurcments, indicated that this one
area alone contained sufficient sumac to provide far more than the
present annual national needs for sumac leaf.
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Fiaure 9.—Distribution, relative abundance, and average tannin contents of
the 3 species of domestic sumac of greatest commercial interest.
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F1cure 10.—Quantity of commercially collectible sumac leaf in southern Virginia
in 1942. The shaded zone shows the area included in the survey. Locations
of the 13 individual square-mile plots are indicated by dots. . The chart below
the map gives the proportions of the 3 commercially promising species in
each of the plots. Estimates of collectible leaf, based on these proportions,
are shown for each of the 3 major zones.

PROCEDURE AND METHODS

The samples of leaves for analysis were collected from wild plants
from central New York, through Pennsylvania, New Jersey, Mary-
land, Virginia, and the southern Appalachians, west through Ten-
nessee and the Gulf States to western Texas, and from a number of
localities in Iowa. In most States, collections were made in only a
few counties as opportunity permitted, but in southern New Jersey,
Maryland, and Virginia, in the southern Appalachians, and in central
Texas, the samples were well distributed. Appendix tables 13 to 18
show where the collections were made; table 2 is-a summary by States
showing how many collections were made of each species. The loca-
tions of the collection are indicated on a map in figure 16. Cultivated
plants were growing in some of the locations, but no samples of them
hia,ve been included here, as this survey is concerned only with wild

ants.

P In 17 localities in Virginia, Maryland, and West Virginia, the studies
were made in considerable detail. Two collections of Rhus copallina,
R. glabra, and R. typhina were made in each of two successive seasons
from the same clumps or stands in these localities. Numerous samples
of these three species and of R. aromatica were collected in Iowa,
principally in the southeastern section of the State. The collections
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in Texas, which in some cases extended over several years, included
six species, namely R. copallina, R. glabra, R. lanceolata, R. micro-
phylla, R. trilobata, and R. virens.

A number of leaf and leaflet samples were obtained and analyzed
after appendix tables 13 and 14 had been completed and a statistical
study of the data had been made. Analyses of these extra samples
are included in appendix table 18 to supply data for regions not re-
presented in the earlier collections.

The individual leaf samples came from single plants, clumps, ficlds,
and districts, as may be noted from table 13.  Although clump collec-
tions represented single clones in most instances, two or more clones
may have been intermingled in certain clumps. The samples {rom
single plants and clones reflect the variation due to both genetic and
environmental factors.

Collections from fields were made in a way that would give a good
representation of all plants in the area. To accomplish this, a few
leaves were taken from numerous individual plants well distributed
over the entire stand. If the plants were growing on sloping ground
or if there was wide variation in the condition of the ground, every
effort was made to have the sample reasonably represent that particu-
lar stand of plants. Similar consideration was given to the distribu-
tion of the plants in shaded and unshaded locations. Collections
representative of a district consisted of leaves from numerous fields
usually located within several miles of each other. A few leaves
were taken from several plants in each field, and the leaves from all
the fields were then combined into a single sample. District collec-
tions represented an average for the particular section and presumably
minimized the variation due to individual genetic factors or local
conditions.

The general environment of the plants, their size, thriftiness, and
stage of growth, and the color of their leaves were recorded. In most
cases, an herbarium specimen was also obtained whenever a laboratory
sample was collected. If the collection trip extended only over 1 or 2
days, the samples were placed in paper or cotton bags, in which they
could be kept without damage in favorable weather, provided they
were packed loosely and stirred occasionally.

Most of the samples in the southern Appalachian area and central
Tennessee were collected on special trips, which extended over a week
or more. During these trips, the samples could not be spread out to
dry but were placed loosely in open mesh bags, such as those used for
marketing onions and oranges, and suspended from the ceiling or
sides of the collector’s car. If they were taken out oncea day, tho-
roughly mixed and replaced loosely, drying proceeded rather rapidly
in fair weather. Rain or damp weather, however, caused discolora-
tion of many samples. At the end of each trip, the samples were
spread loosely on paper placed on wooden floors or benches in a well-
ventilated room. They were dry in 2 to 4 days.

Although the principal samples collected were leaves, numerous
samples of other parts of the plant were obtained also. In addition,
some leaf samples were separated into leaflet and petiole-rachis
portions, and some stem samples into wood and bark portions. Most
samples were separated when fresh, but a few were separated after
they were air-dry.



When dry, all samples were ground in & Wiley mill to pass a sieve
having holes 2 mm. in diameter, then mixed and stored in glass mason
jars. They were analyzed by the official hide powder method of the
‘American Leather Chemists ‘Association (1), the extraction procedure
being that described by Clarke and Frey (7). This method specifies
that the sample be extracted with boiling water, 2 liters of percolate
being collected in 7 hours and the amount of material being adjusted
so that there will be between 3.75 and 4.25 gm. of tannin per liter in
the solution. The percolate or extract solution was cooled slowly and
analyzed at 20° C.

The analytical procedures were as follows: An aliquot of the solu-
tion was evaporated, and the dried residue weighed to determine total
solids. Part of the solution was filtered by the prescribed procedure,
an aliquot evaporated, and the dried residue weighed to determine
soluble solids. The total insolubles in the extractive comprised the
difference between total solids and soluble solids. They consisted
of matter soluble in hot water but insoluble in water at 20° C., plus
any fine material that had passed mechanically through the cotton
filfer in the extraction tube during the extraction process. Non-
tannin was determined by removing tannin from an aliquot with
standard hide powder ° under prescribed conditions, then evaporating
the tannin-free solution and weighing the dried residue. The per-
centage of tannin was found by subtracting the percentage of non-
tannin from the percentage of soluble solids. The value for purity
of extractive was obtained by multiplying the value for tannin by
100 and dividing the result by the value for soluble solids. Purity 1s
related to astringency in that a tanning liquor of Jow purity is milder
or less astringent than one of high purity. As 2 rule, purity of fresh
liquors lower than 50 is undesirable. All results were calculated on
the moisture-free basis.

The statistical methods described by Snedecor (I 9) were used in
analyzing the data.

RESULTS

Tables 13 to 18, inclusive, give the detailed analyses of the samples,
as well as pertinent information regarding their source and condition.
To avoid an excess of tabular material throughout the text, these
tables are given in the appendix.

LEAVES

Appendix table 13 shows the detailed analyses of the leaves. The
ranges are summarized in table 3. The data reveal extremely wide
variability in tannin and other chemical components. Analysis of this
variability in composition showed it to be associated with certain
characteristics of the plants, with their environment, and with their
geographic origin. Data on these factors are given in table 13. Data
on other factors that might affect the tannin content or composition
are not included because of the lack of samples comparable in all but
—

¢ Prepared from cattle hides; made only by Standard Hide Powder Co..
Ridgway, Pa. ;



one of these factors. Type of soil; soil moisture conditions; associated
vegetation, especially crowding by other plants; and perhaps eleva-
tion above sea level may affect tannin content, but this will have to be
determined by further investigations. The associations established in
this study are discussed in detail under the various factors.

TABLE 3.—Ranges in composition of leaves of 8 species of sumac (Rhus) collected in
the eastern part of the Unilted States

Number | Insolubles Soluble N : :
: ontannin Tannin Purity of
Species san(l);r)les n gggg;ttive c(s)(x)lltig:t content content | extractive !
Percent Percent Percent Percent Percent
37 0.6-3.3 39.2-51.1 19.0-26.9 16.5-26.3 38-56
228 .7-8.1 34.5-63.3 13.8-27.3 12.9 45.1 37-72
285 .7-3.2 29. 5-56. 8 14.3-25.8 11.0-38.0 37-68
69 1.2-3.0 32.1-57.1 15,7-23.6 12.7-37.0 40-67
23 1.04.4 27.1-48.6 15.8-20.9 10.4-30.2 38-62
34 .6-2.5 57.1-65.1 19.9-25. 4 33.1-43.6 58-68
5 1.14.1 46.6-38.6 22.1-26.1 16,5-21.0 43-46
3 3.3-3.8 39.7-46.7 21.6-22.5 17.6-25.1 44-54

1 The value for purity of extractive was calculated by dividing the percentage of tannin by percentage of
soluble solids and multiplying by 100.

Facrors AFFECTING COMPOSITION
SEX OF PLANT

Sumac plants are described botanically as polygamo-dioecious, that
is, the same species may bear both bisexual and unisexual flowers.
Rhus copallina and R. glabra, however, are mainly dioecious (bearing
either male or female flowers).” A few plants are monoicous (having
both male and female flowers on the same plant). - Figure 11 shows a
male inflorescence of R. glabra in bloom. In R. copallina, R. glabra,
and R. typhina, there is little difference in general appearance between
male and female inflorescences when they are in bloom, but after
blooming the male flowers fall, leaving the bare stems (fig. 12),
whereas & large sced cluster develops on female plants (fig. 13).

The association of sex and composition of leaves was determined
by comparing analyses of samples collected on the same date from
male and female plants growing in the same locality. A total of 35
Rhus copallina and 86 R. glabra samples were included in these com-
parisons. The samples used are listed in the appendix.

Table 4 gives the average values for Rhus copallina and E. glabra
samples of each sex. Whether the differences between averages may
be judged significant or due only to chance depends on the variation
between samples of the same sex. This variability may be evaluated
mathematically by calculating the standard errors, all individual
values being used for each group. The standard errors of the differ-
ences between averages are given in table 4.

7 In this investigation, plants having flowers with suppressed pistils were classed
as males; those with suppressed stamens were classed as females.



Ficure 11.—DMale inflorescence of Rhus glabra in full bloom.

TaBLE 4.— Effect of sex on content of tannin and related constituents of leaves of
Rhus copallina and R. glabra

RHUS COPALLINA!

Average Average Avera
. ge Average Average
Sex {l]\lsgl\l:ggs sgg}xiglse nontannin | tannin | purity of
ti.ve content| content content content extractive
Percent Percent Percent Percent Percent
Male 1.8 50.7 17.0 33.7 67
Female. . 1.9 47.9 17.5 30.4 63
Difference 2 .1 **2.8 .5 **3.3 *4
Standard crror.. .14 .85 .67 1.09 1.6
RHUS GLABRA3
Male... 1.6 46.5 20.4 26.1 56
Female__. 1.6 47.5 20.0 27.5 58
Difference 4ol .0 1.0 .4 1.4 2
Standard erroro ...l .07 .82 .42 .85 1.1

1 Based on 33 degrees of freedom, derived from 35 samples of male and female plants.
2 *=gjgnificant difference (5 pereent); **=highly significant difference (1 percent).
3 Based on 84 degrees of freedom, derived from 86 samples of male and female plants.

1 None significant.



The data show that male plants of Rhus copallina contained on an
average 3.3 percent more tannin than female plants but that there
were no significant differences between the sexes in nontannin and
insolubles in extractive. The significantly greater tannin content of
the male plants caused a correspondingly greater soluble solids content
and purity of extractive in samples of this sex.

Figure 12,—Male inflorescence of Rhus glabra after ncarly all the flowers have
dropped.

The differences for Rhus glabra were not so great as those for R.
copallina. None of the differences can be judged significant, even
though a greater number of samples were available for the comparisons.
It may be assumed, therefore, that sex did not influence the composi-
tion of R. glabra leaves.

833972°—49— 4



Ficure 13.—Seed cluster of Rhus glabra.

EXPOSURE TO SUNLIGHT

To test the influence of sunlight on the chemical composition of
the leaves, comparisons were made between samples of the same sex
that had been collected on the same date and at the same location
but differed in exposure to sunlight. There were 31 samples of Rhus
copallina and 44 of R. glabra suitable for this comparison. They are
listed in the appendix. There were 8 location groups of the former
species and 9 of the latter.

Table 5 gives the results of this comparison. The two species
studied were consistent in their apparent response to light. The
samples in full sunlight contained on the average 2.8 percent more
tannin and 1.3 percent less nontannin than those in restricted sunlight.
These differences are highly significant.



TasLe 5.—Effect of exposure to sunlight on iannin and nonlannin contents of leaves
of Rhus copallina and R. glabra !

Average tanni? content of leaves | Average nontaninin content of leaves
n— n—
Species
Full Restricted | 1y Full Restricted | 1y
sunlight? | sunlights | Pifference | qunjiphtz sunlights Difference
Percent Percent Percent Percent Percent Percent
R.copallina ... ... ...... 33.8 30. 2.9 17.0 181 1.1
Roglabra. .. ... ... 27.2 2.6 2.6 19.4 20.9 1.5
P N KN NN | 2B | I 1.3
i

1 Based on 15 degrees of freedom, derived from a total of 75 samples collected from 17 locations.

"’ ']‘ IFull sunlight’” indicnates that the plants were in a location fully exposed to the sun all day or practically
all day.

3 «Restricted sunlight” indicates that the plants were in the shade at least part of the time. The degree
of shade or whether the plants were in the shade all day or only part of the day is not indicated. Since the
collectors took samples in full sunlight whenever possible, not enough samples were available for satisfac-
tory subdivisions of the restricted sunlight group.

4 Highly significant difference (1 pereent).

s Standard crror, 0.84. ‘

6 Standard error, 0.46,

HEIGHT OF PLANT

To study the association between the height of the plant and com-
position of the leaves, comparisons were made between leaves from
clumps of plants of different heights that were collected at the same
time and location. The leaves of Rhus copallina were taken from
plants of the same sex. There were 16 samples-of R. copallina and
80 of R. glabra. They were assembled into 23 groups, consisting of
2 to 18 samples each. The samples are listed in the appendix.
linear regression line was drawn for each group. These individual
lines were then averaged to give the regression line shown in figure 14.
The regression coefficients were approximately the same for £. copal-
lina and R. glabra, although for plants of equal height the samples of
the former contained about 5 percent more tannin than the samples
of the latter.
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Ficure 14.—Effect of height of plant on the tannin contents of Rhus copallina and
R. glabra leaves.



The regression lines indicated thatin bothspecies the tannin content
decreased with increase in height of the plant. On the average, the
tannin content of the leaves decreased 0.61 percent for cach foot of
plant height, within the range shown in the figure.

The degree of association between height and tannin content can
also be expressed as a correlation coefficient, the value being —0.3845.
This value is highly significant, based on 51 degrees of freedom.?

The nontannin content showed no significant association with plant
height, and therefore a regression line for this factor is not given.
Since there was a significant association with tannin but none with
nontannin, the purity and soluble solids were greater in the smaller
plants.

DATE OF COLLECTION

The association between date of collection and composition of the
leaves was determined by comparing leaves collected at different times
within the year from the same clump of plants. In all, 59 clumps,
consisting of 19 of Rhus copallina, 32 of R. glabra, and 8 of R. typhina,
were sampled two or more times in the same season. Also 34 cﬁ)umps
were sampled in more than one season. A total of 224 samples were
analyzed. They are listed in the appendix.

Since the tannin and other constituents varied among the different
clumps, the regressions of date and chemical composition were first
determined for each clump, then the separate regressions were grouped
into an average regression for each species and finally into an average
for all three species. Figure 15 shows the regression lines for tannin.

The results show that the tannin content declined during the sum-
mer. The average rate of decline was approximately similar in the
three species, with a regression coefficient of —0.047 percent tannin
per day between the middle of June and the middle of September.
This coefficient indicates the average change in tannin content that
may be expected during the summer in the leaves of the same plant,
although the over-all tannin content may vary between different
plants because of such factors as species, sex, height, and exposure to
sunlight. The solid lines in figure 15 cover the range for which ade-
quate data were available. In addition, at the ends of the regression
line for Rhus glabra, there are broken lines based on five collections on
May 26 and three collections on October 22. Although based on
meager data, the broken lines indicate that the tannin content of R.
glabra increased during the spring to a peak at the start of summer
and also that the normal decrease during the summer was arrested in
the fall and there may actually have been another period of increase
in tannin. The significance of these reversals in trend is of only
secondary importance, however, since it is unlikely that sumac leaves
would be harvested at either of these times. .

For the portion of the range shown in solid lines, the correlation
coefficient of tannin content and date is —0.6198. This is a highly
significant value, based on 130 degrees of freedom (19).

A similar analysis of the nontannin results for these samples was
made, but no consistent or significant association with date was detect-

8 The 51 degrees of freedom are arrived at by subtracting 1 plus the number of
groups (23) plus resamplings (21) of the same plants on different dates from the
total number of samples (96).



able. The number of samples taken from the same plants of other
species at different dates was insufficient for a valid analysis. There
was some indication that the tannin content of Rhus aromatica de-
creased during the greater part of the summer, but the data were
inadequate for a valid conclusion.
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Ficure 15.—Effect of date of collection on tannin contents of Rhus copallina, R.
glabra, and R, typhina leaves.

CONDITION OF CURED LEAVES

Freshly picked sumac leaves darken rapidly if packed tightly. They
also darken if aeration is poor or humidity high during the drying -
period. The samples in this study showed all gradations of discolor-
ation and proportion of discolored leaves. They were classified ac-
cording to general appearance into four groups (table 13, column 11).
The significance of each grade was as follows: Good—only a few leaves
were dark; fair—not more than one-third of the leaves were dark;
poor—more than one-third of the leaves were dark or up to one-
fourth were black; bad—more than one-fourth of the leaves were
black. The darkest leaves were designated as black in accordance
with common usage, although the actual color was dark brown.



A comparative study disclosed no association between tannin con-
tent and condition of the leaves for Rhus copallina and R. typhina.
There appeared to be some association for B. glabra, but since a large
proportion of the poor and bad samples came from a section of the
country from which no “good” samples were obtained, an association
was questionable. In view of these facts, only samples in good condi-
tion were used for later comparisons.

GEOGRAPHIC ORIGIN

The factors discussed thus far have been either individual plant
characteristics, such as sex and height, or influences that apply locally,
such as exposure to sunlight and date of collection. In addition to
these factors, there is a possible geographic or regional variability in
tannin content.

Some indications of geographic variability may be arrived at by
taking State averages, but since plant distribution is influenced pri-
marily by climate and soil, a classification based on political divisions
is obviously artificial. Van Dersal’s (23) natural system of geographic
classification, based on Thornthwaite’s climatic provinces and Mul-
ford’s plant-growth regions, was used here for establishing regional
lines to determine whether there are differences due to geographic
origin in the composition of sumac leaves.

Figure 16 shows the 10 zones adopted for this study. In establish-
ing these zones, some of Mulford’s regions were divided on the basis
of Thornthwaite’s climatic provinces. Mulford’s region 27 was divided
into a northern Appalachian zone [No. 2] and a southern Appalachian
zone [No. 4]. His region 28 was divided into a southern New Jersey
zone [No. 1] and a FPiedmont zone [No. 3], and region 29 was
divided into an Atlantic Upper Coastal Plain zone [No. 6] and a Gulf
Upper Coastal Plain zone [No. 7]. This division of the Upper Coastal
Plain into two parts was based on differences in the tannin contents
of the plants, as will be shown later, and also on the fact that inde-
pendent plantings of ‘'seed from these two sources showed that Ehus
copallina in the Gulf States differs in certain leaf characteristics from
the same species in the Atlantic States.® The location of the line
could not be determined precisely because there was only one R.
copallina sample from Alabama. It may well be that the division
actually should lie several hundred miles west of the Georgia-Alabama
border. The lack of precision in the division is indicated on the map
by a broken line. The other zone divisions are shown by solid lines.

Table 6 gives the zone numbers and the corresponding numbers of
Mulford’s plant-growth regions, Thornthwaite’s climatic province
designations, the zone names, which are essentially the same as Mul-
ford’s region names, and the States in each zone.

The geographic variabilities of only Rhus copallina, R. glabra, and
R. typhina were studied, as these species were sampled over a range
covering several plant-growth regions (fig. 16). Since the other
species were obtained from limited areas only, a study of their geo-
graphic variability was pointless.

Insofar as possible, all the usable samples of these three species were
incorporated in this phase of the study. Since the samples differed

0 Unpublished data.



RHUS AROMATICA. ...
RHUS COPALLINA .._... ' <
RHUS GLABRA.......... .
RHUS LANCEOLATA.....m
RHUS MICROPHYLLA....0

RHUS TRILOBATA...... -A
RHUS TYPHINA .........-
RHUS VIRENS ......___.. v

Froure 16.—Ten zones used for a study of geographic variability in the compo-
sition of sumac leaves. Samples of the different species were collected in the
locations indicated.

in sex, exposure to sunlight, and other factors, it was necessary first to
eglualize for these effects before valid regional averages could be
calculated. The following adjustments were therefore made in the
analytical values.

Sex.—Applied to Rhus copallina only. Since the difference in
tannin content between the sexes was 3.3 percent (table 4), one-half
of this, or 1.6 percent, was subtracted from the tannin value for male
plants and added to that for female plants. The tannin values for
plants for which no sex data were available were not changed.

Exposure 1o SunLiGHT.—Applied to R. copallina, R. glabra, and
R. typhina.® The tannin values for samples from plants grown under
restricted sunlight were adjusted to the equivalent of that for full
sunlight by adding 2.8 percent; nontannin values were similarly
adjusted by subtracting 1.3 percent (table 6).

1 No data were available to test this adjustment for R. typhina, but the assump-
tion seemed probable that shade had the same effect on this species as on the other
two. This adjustment applied to 8 of the 31 samples, thus increasing the average
tannin value 0.7 percent (from 24.9 to 25.6 percent).
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Hrrear.—Applied to Rhus copallina and R. glabra. Variation in
height was equalized to a standard of 5 feet by adding 0.6 percent to
the tannin value for each foot more than 5 fect, and subtracting the
same amount for each foot less than 5 feet (fig. 14). Five feet was
selected as a standard height because it was the approximate average
for all samples.

Date oF CoLnecrioN.—Applied to Rhus copallina, R. glabra, and E.
typhina. Differences in date of collection were standardized to
July 31 by adding 0.047 percent to the tannin values for each day of
sampling after July 31, and subtracting a like amount for each day
before July 31 (fig. 15). This date was selected because it was close
to the average date of all collections.

These adjustments made it possible to compare the various samples
directly and to discern regional differences of smaller magnitude than
was possible with unadjusted data.

Only samples that were in good condition after curing (table 13,
column 11) were used for the regional comparisons, because it was
thought that poor curing might have altered the tannin content. In
all, 186 samples of Rhus copallina, 253 of R. glabra, and 52 of R.
typhina were available for the geographic comparisons. Some of
these samples, however, had been taken from the same plants at
different times. After the tannin values had been adjusted for
differences due to date of collection, they became merely the equiva-
lent of duplicate determinations. In order not to give undue weight
to plants which had been sampled more than once, analyses of such
duplicates were averaged and used as a single value in the geographic

- comparisons. The analyses for use in the regional comparisons were
then 118 of R. copallina, 136 of R. glabra, and 31 of E. typhina.

Table 6 gives the average adjusted tannin contents of samples from
the ten zones and the number og samples. Since the variability among
the zones was greater in Rhus copallina than in the other two species,
the data for this species were examined first. The ordinary ¢-test of
statistical analysis (19) was used to determine whether the differences
in tannin content between adjacent zones were significant. In this
test, the variation between zones is compared with the variation
within zones, the number of samples involved in each comparison
being taken into account. On this basis, certain zones did not differ
significantly in tannin value, and accordingly were grouped into an
area. In all, the following three areas became apparent for R.
copallina: A northern Appalachian and Atlantic Costal Plain (eastern)
area (I), comprising zones 1, 2, and 6;a southern Appalachianand Pied-
mont area (II), comprising zones 3 and 4; and a central area (III),
comprising zones 5, 7, 8, 9, and 10. Theaverage tannincontents of the
three areas(I,II,and I1I)were 27.05,33.09,and 36.68 percent,respectively.

Figure 17 shows frequency distributions for the samples of Rhus
copallina in each of the geographic areas. Although there is some
overlapping in the ranges, the data indicate a definite difference
between the groups. This conclusion is borne out by the analysis
of variance in table 7. The nonsignificant mean square of 18.42
shown in this table indicates that the zones in each area had approxi-
mately similar average tannin values. The differences between the
three areas, however, are highly significant, as indicated by the large
mean square of 685.25. : '
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Figure 17.—Histogram showing frequency distribution based on tannin content
for samples of Rhus copallina in each geographic area.

TasLE 7.—Analysis of variance of tannin_confents of Rhus copallina leaves in 10
plant-growth zones grouped into 3 geographic areas

Degrees of | Sum of Mean
freedom squares square !

PSS

Source of variation

BotWeen 3 BICHS...—onoszzzemmnmmmmommmoTTIITImT T 2 1,370. 50 **685. 25
Botween zones within areas......--------- 7 128.91 18.42
Between samples in same zone (error) 104 1,838.02 17.87
A

FPOLAL. - oocnmmmemmmmmmmmmmmmmmmommmSemoTmme oI n T 113 3,357.43 |--em-omonoon

1 **=highly significant difference (1 percent).

Zonal differences in the tannin contents of the leaves of Rhus glabra
and R. typhina were not apparent. As shown in table 6, the tannin
contents of the New Jersey samples of these two species were lower
than the averages for the species, but the number of samples from this
State was too small to give meaningful averages. In general, R
glabra and E. typhina did not show the distinct geographic variability
noted in R. copallina.

No apparent geographic variability in the nontannin contents of
the three species Was indicated. In general, the range of pontannin
values was much less than that of the tannin values and appeared to
be. unrelated to source. Rate of drying, however, affects the non-
tannin content. In another study (8), 1t was found that nontannin
may be reduced by as much as 6 percent during slow drying, apparently
by some type of decomposition. Changes in the original nontannin
contents of the samples due to variations in rate of drying might
have been sufficient to overshadow differences caused by geographic

factors.



COMPARISON OF SPECIES

CHEMICAL COMPOSITION

The data for Rhus copallina, R. glabra, and R. typhina were adjusted
to equalize for differences in sex, exposure to sunlight, height, and
date of collection before comparisons were made of the chemical
composition of the eight species. The original data were used for
the remaining species, as the data available were insufficient for cal-
culating adjustments.

Table 8 shows the average tannin, nontannin, and insolubles in
extractive contents of leaf samples of cach species of sumac. These
averages represent the most valid estimates obtainable from the data.

TaBLE 8.—Tannin, nontannin, and insolubles in extraclive contents and fiducial
limits, at 5-percent level, of leaves of 8 species of sumac (Rhus) (moisture-free basis)

Insolubles in ex-

Tannin content Nontannin content | {.2:4ive content

Species !

Aver- Fiducial Aver- Fiducial Aver- | Fiducial
age limits age limits age limits

Percent Percent Percent Percent Pc;cent Percent
3 .02

R, aromatica. ... 21.76 | 20.86-22.66 | 22.91 | 22.17-23.65 1.80-2.27
R. copallina (I) _ 27.05| 25.36-28,74 | 18.58 | 17.84-19.32 1.80 | 1.57-2.08
R. copallina (II) 33.09 | 31.88-34.30 | 18.78 | 18.23-19.33 1.88 | 1.76-2.01
R. copallina (III) . 36.68 | 35.31-38.05 | 19.21 18, 40-20.02 2.06 | 1.88-2.25
R.glabra............ 27.28 | 26.69-27.87 | 19.62 | 19.31-19.93 1.70 | 1.65-1.76
R. lanceolata__. 22.01 | 19.67-24.35 | 18.35 | 17.76-18,94 2.30 | 1.94-2.77
R. microphylia ? 19.82 |oeemeaeans 24.50 |ooiieaaanas 2.07 |oooiianan
R. trilobata. .. 30.14 | 38.20-39.99 | 22,52 | 22,07-22.97 1.49 | 1.34-1.67
R.typhina. 25.60 |  23.87-27.33 19.86 | 19.22-20.50 1.83 | 1.72-1.96
R.VIrens? ooooeeammceemaannee- PLURE: 7 A PR 22,07 |ocemaeeeaannn 3.55 |-ceecnnn

1 Roman numerals indicate geographic type (table 6).
2 The number of analyses was probably insufficient to represent an adequate sample for these species.

Fiducial limits are given in table 8 for each average. They were
calculated from the standard errors of the means and the number of
observations, according to the method given by Snedecor (19, p. 64),
and represent the range of the means at the 5-percent level of proba-
bility. Insofar as the collections were adequately random samples of
the species, the.odds are 19 to 1 that the true mean for the species lies
between these limits.

The highest average tannin content, approximately 39 percent, was
found in Rhus trilobata. The fiducial limits indicate that the tannin
content of the leaves of R. trilobata was definitely higher than that of
an% other species included in the study.

he second highest average tannin content, 36.68 percent, was
shown by Rhus copallina from the central area (III); the third highest,
approximately 33 percent, was shown by this species from the southern
Appalachian and Piedmont area (II). The means for these types
differed beyond the 5-percent level of probability, since their ranges at
the fiducial limits did not overlap.

Rhus glabra and the eastern area (I) type of R. copallina were essen-
tially similar in their content of tannin. The average for E. typhina
was slightly lower, being 25.6 percent as compared with about 27
percent for the other two species, but the probable ranges of the means
indicate that the difference was not significant. :



The remaining four species, Rhus aromatica, R. lanccolata, R.
microphylla, and . virens, constituted a roup in which the average
tannin contents of the leaves were relativefy low, the range being from
19.32 to 22.01 percent. The two last-named species were represented
by only five and three analyses, respectively, and although the values
were fairly consistent, the sampling was no doubt insufhcient to pro-
vide more than an approximate indication of their actual tannin
averages,

The nontannin contents of the leaves also differed significantly
among the species. Rhus microphylla had the highest nontannin value,
24.50 percent; R. aromatica, . trilobata, and 1% virens had the next
highest values, ranging from 22.07 to 22.91 percent; and R. lanceolata
had the lowest value, 18.35 percent. All these species were collected
in Texas except K. aromatica, which was collected in Towa. In the
remaining species, nontannin ranged from 18.58 to 19.86 percent.

The values for insolubles in extractive give a highly skew distribu-
tion. Thus from table 13 it is evident that the average for Rhus
copallina is in the vicinity of 2.0 percent, yet the range extends as
high as 8.1 percent (for sample 73) but only as low as 0.7 percent
(for sample 138). The range above the average is much greater than
that below the average. Further study of the data revealed that the
skew distribution could be rectified by transforming the values accord-
ing to the following formula: :

1
original value+1.00

Transformed value=

When the data were thus rectified, the distributions became nearly
normal. The transformed values, expressed as decimals, were used
to calculate means and fiducial limits for each species, after which the
values were transformed back to percentages for presentation in table
8. As a result of these transformations, the positive range from the
mean is somewhat greater than the negative range. For example,
the mean for R. copallina of the eastern type is 1.80 percent, and the
range is from 1.57 to 2.08 percent. The range is 0.23 below the mean
and 0.28 above the mean. This difference in limits on each side of
the average reflects the skew distribution of the dats,

The averages and their limits in table.8 indicate significant differ-
ences in inso%,ubles in extractive between the species. The highest
average was obtained for the three samples of Rhus virens, and the next
highest for R. lanceolata. The lowest averages were found for R.
glabra and R. trilobata. Among the ares types of R. copallina, chan%es
in insolubles in extractive paralleled those in tannin, although this rela-
tionship did not hold between species.

EFFECT ON COLOR OF SKIVERS

To learn something of the color that the various species of sumac
would impart to leather, sheépskin skivers! were tanned in the
laboratory with leaves of Rhus coriaria (Sicilian sumac) and of each
species studied here except R. typhina. The skivers were divided
along the backbone line into halves, and each half was tanned with

1 The grain split or hair-side layer of a sheepskin.



a sample of a different species so that comparisons of species could be
made on the same skiver. A total of 12 skivers or 24 pieces were
tanned. Only color comparisons were made. Every skiver, however,
appeared to be well tanned.

The differences in color between the leathers can be described in
terms of lightness, hue, and saturation. In general, the lighter
leathers were characterized by a light-ycllow or pinkish hue, and the
darker leathers by a lowered reflectance and a dull-yellow, brown, or
pronounced pink appearance.

Immediately after tannage, there was little difference in lightness
between the leathers tanned with Rhus coriaria, R. microphylla, R.
glabra, and R. trilobata. One of the 4 pieces tanned with Z. ¢rilobata
was lighter than any of the other 24 pieces, but in general this leather
was slightly pinker than that tanned with R. comaria. R. copallina
and R. lanceolata produced leathers that were pinkish, the latter
producing a somewhat darker leather than the former. R. virens
produced a light-brown leather that was slightly darker than that:
tanned with R. lanceolata but not so dark as the reddish-brown leather
made with R. aromatica.

After aging for 5 years in the dark, the leathers were again compared
for both relative lightness and pinkness. The eight Rhus coriaria pieces
and the one R. glabra piece were lightest and had no pink cast. The
R. microphylla feather was nearly as light as the R. coriaria leather.
Only one piece, however, was tanned, and it was a rather nonuniform
mixture of pink and green that resulted in a decided yellow shade.
There were no appreciable differences in either lightness or pinkness
between the leathers tanned with R. copallina, R. lanceolata, and
R. trilobata; these leathers were slightly darker and pinker than the
R. coriaria leather. R. aromatica and R. virens produced leathers that
were reddish brown, of a shade about like that of bleached sole leather.
The R. aromatica leather was somewhat lighter than the R. virens
leather but too dark to be of interest to a tanner using sumac.

In view of the great variability in the color of the skivers, due to
irregularities in both the skivers and in samples of the same species of
sumac, the only conclusion that can safely be drawn from these
results is that any of the species except Rhus aromatica and R. virens
may produce leather of satisfactory color.

In a commercial test reported elsewhere (9), no readily apparent
differences were found between the colors or other properties of
leathers tanned with Rhus copallina, R. coriaria, R. glabra, and R.
typhina.

LEAFLETS AND PETIOLE-RACHISES

Appendix table 14 gives analyses of leaflets and petiole-rachices for
Rhus copallina, R. gla%m, and }{ typhina. The data are summarized
in table 9. The tannin content of the leaflets was high, that of R.
copallina and R. glabra being about the same (31 percent) and the
value for R. typhina being 5.7 percent lower. The petiole-rachises of
R. glabra and R. typhina were low in tannin. The average for R.
copallina was about twice as high as that for the other two species,
probably because the R. copallina rachis is “winged” (edged with a
bladelike wing between the leaflets). The wing, which was left on
the rachis, probably contained about the same percentage of tannin as



the leaflet material. Although tannin in the leaflets of all species was
high, the rather large proportion of petiole-rachis material, which
had @ low tannin content, resulted in an appreciably lower tannin
content for the entire leaf. For example, the tannin contents of
leaflets of R. glabra and R. typhina were 31.0 and 25.2 percent, respec-
tively, but the values for the whole leaf were 25.7 and 19.8 percent.

TapLE 9.— Tannin and nontannin conients of leaflels and petiole-rachises! of 3
species of sumac (Rhus)

IZ;.&?%?- Average t%r[l_xlm content Avemget ?:{\é?imn con-
Species Leal | 1o flets
samples [ "y . .
leaves Leaf- | Petiole-| Whole | Leaf- | Petiole-| Whole
lets |rachises| leaf? lets | rachises | leaf?
Number | Percent | Percent | Percent | Percent | Perc Percent | Percent
R. copallina. . 81. 30.8 10.9 27.1 19.4 19.0 19.3
27 79.1 31.0 5.6 25.7 21.0 18.0 20. 4
R. typhina__.. 15 74.6 25.2 4.1 19.8 22. 4 18.2 21.3

1 The petiole and rachis are sometimes called leaf stem and midrib, respectivels.
2 Calculated from values for leaflets and petiole-rachises.

Leaflets and petiole-rachises did not differ greatly in nontannin, nor
did the species.

STEMS

Analyses of the stems of six species of sumac are given in appendix
table 15, and table 10 summarizes the tannin and nontannin data.
The tannin content was uniformly low in all species examined, not
exceeding 7.9 percent for any sample or 5.8 percent for the average in
any species. Inclusion of stems would obviously have a drastic effect
in decreasing the tannin yield per unit weight of sumac.

TaBLE 10.—Tannin and nontannin contents of stems of 6 species of sumac (Rhus)

Average Average
Species Samples tannin con- | nontannin

tent content

Number Percent Percent
R. Qromatica . - - eveeeeeeecacceenammmnnccemenamnnmmaennaa 3 5.8 17.7
R. copallin 39 4.2 14.4
R. glabra. . 25 5.1 15.6
R. lanceolata 6 3.2 12.2
R. trilobata. . 6 5.4 11.8
F o777 Y TR RSRRRSPEES PR ERRSEES AR 21 3.1 14.3

Appendix table 16 giv
of 23 samples of sumac stems.

and nontannin contents,
the bark had a much highe
the latter being negligible.

largely from the bark.

Bark anp Woop

es the analyses of thé separated bark and wood

Table 11 gives their average tannin

In each of the three species examined,
r tannin content than the wood, tannin in
Tannin in the stems, therefore, is derived



TaBLE 11.—Tannin and nont in contents of bark and wood from the same stems
of 8 species of sumac (Rhus)

Average tannin content Average nontannin
Propor- of— content of—
Species Stems g;‘:.?( ‘l’lﬁ
stems Whole Whole
Bark | Wood stem ! | Bark | Wood stem !

Number | Percent | Percent | Percent | Percent Percent | Percent | Percent
12 25.3 12.4 0.6 3.6 22.8 b. 10.9
2 36.8 8.6 1.0 3.8 26.6 9.2 15.6
9 2.8 9.6 .8 2.9 27.0 6.1 1.1

! Calculated from values for bark and wood.

~ Nontannin content was much higher than tannin in both bark and
wood. As a result, the nontannin content of stems was three to four
times the tannin content. Therefore the purity of a sumac extract
would be reduced if stems were extracted with leaves.

According to ring counts, the samples of stems ranged in age from
1 to 22 years. No relation between age and composition is evident
from the data presented.

FLOWERS AND SEED

Sumac flowers, although classed here as either male or female, may
also have organs of the opposite sex, as was pointed out in footnote 7 ,
p- 23. The data on inflorescences, therefore, should be examined
rather conservatively. Appendix table 17 gives analyses of flowers
and seed. In table 12, a comparison is given of male and female
inflorescences of Rhus copallina. and R. gla%m. The tannin contents
of the inflorescences were high, comparing favorably with those of the
leaves. Female inflorescences of both species were appreciably higher
in tannin than male inflorescences, and R. copallina inflorescencesof
both sexes were higher in tannin than were those of &, glabra.

TaBLE 12.—Tannin and nontannin contents of male flowers and of female flowers
and seed clusters of sumac (Rhus)

Average

Average

Stage of Samples i non-

Species Sex development analyzed égg&g‘t tannin
content

Number | Percent | Percent
6

‘Male‘ crmeme——ee————— g}owergng... 8 gg. 8 23 3
R. copalling..o......... OWering.... 4 - 17.
: Seed forming. 7 20.2 17.9
Female. . vueeeeee. Seed formed. 3| 164 15.7
Mol l(“)]ld seefi cluster.. é 3.2 253)8

Male. .. owering.___.......... 21.4 .

B gl e Female e — 4| 301 2.0
""""""""" Seed formed._.. - 9 10.0 12.5

R.typhina_...__.____.._. Female......._...____. Seed formed......_.___ 7 10.5 15.0

Table 12 also gives a comparison of female inflorescences of Rhus
copallina in various stages of development from flowers to seed. The
tannin content was highest at the flowering stage and decreased as the
seed formed and ripened. Ap arently this was also true for R. glabra.
Since the old RB. copallina seeci) cluster, which contained only 3.2 per-



cent tannin, was taken in the second year, it probably had lost con-
siderable tannin by weathering.

Nontanrin in female inflorescences also decreased as the seed formed
and ripencd, but the decrcase was less pronounced than that for
tannin.

DISCUSSION

In this bulletin, consideration has been given principally to two
phases of the commercial utilization of sumac: (1) The amount avail-
able from wild stands and (2) the tannin content.

It was found that there is an abundance of sumac growing wild.
A survey showed that a strip about 31 miles wide across southern
Virginia contained an amount equal to at least 10 times the normal
El)_‘rewar amount consumed annually, both domestic and im orted.

he area involved is only a small fraction of that in which collectible
amounts of sumac grow. Supplies adequate for commercial needs,
therefore, are growing wild, but the amounts collected have not been
sufficient to meet the demand.

There is little hope for a substantial increase in the price of domestic
sumac unless its quality is improved considerably. 'This may be ac-
complished by exercising greater care when gathering and drying it.
Stems, for example, contain almost no tannin and should not be in-
cluded with leaves. Flowers in bloom are high in tannin, but seeds,
even when immature, should not be gathered, because they are low
in tannin and also impart an undesira%)le color to leather. Some im-
provement in quality should result if collections were made principally
in regions that contain strains of sumac of high tannin content.

Before considering the other phase of the sumac problem, that of
the average tannin contents of domestic species, the tannin content
of commercial Sicilian sumac should be of interest, as it is the chief
competitor of the domestic product. Data for individual samples of
leaves of Rhus coriaria known to be free of stems are not available,
but it seems reasonable to suppose that they would show much the
same variation in tannin content due to genetic and environmental
factors as do domestic sumacs. The imported product has been
processed by fanning and screening, and so may not have the normal
ratio of leaflets to other parts of the plant, but undoubtedly it has a
tannin content close to that of pure E. coriaria leaves. Average
values, on the moisture-free basis, for 65 samples of commercial
Sicilian sumac taken in the United States at ports of entry in 1905 (24)
were (in percent): Tannin, 34.7; nontannin, 20.6; and insolubles in
extractive, 4.6. Four samples analyzed from 1937 to 1939 showed
tannin, 31..7 percent; nontannin, 19.7; and insolubles in extractive, 2.3.

The average tannin content of the commercial, imported material
thus was higher than that of any domestic species except Rhus
copallina from the central area (ITI) and R. trilobata. Nontannin in
the foreign and domestic sumac was essentially the same.

Importers of ground sumac for use in direct tanning often purchase
it on the basis of 28 percent tannin in the air-dry material and may
reject shipments that contain less than 26 or 27 percent. Dealers in
Sicily obtain this guaranteed tannin content by mixing and blending
various small lots. Since the average moisture content of ground
Sicilian sumac is about 7 percent, 28 percent on the air-dry basis



corresponds to a little over 30 percent on the moisture-free basis.
Two domestic species, Rhus trilobata and R. copallina, have average
tannin contents that exceed this minimum, and could be supplied
under such a guaranty, provided the sumac industry were organized
in the United States as it is in Sicily. An organized industry could
exercise better control over other factors that affect sumac quality,
such as color and purity, and would also provide a dependable source
of supply.

Any of the species studied might possibly find use locally under
cortain circumstances, but from the point of view of both the tanner
and the collector the commercial use of one or at most two species
would be preferable. The question then arises as to which species
are the most promising.

From the results obtained in this study, the relative merits of the
various species and their probable commercial value may be sum-
marized as follows: All factors seem favorable for three species, Rhus
copallina, R. glabra, and R. typhina. They are well distributed and
abundant, and they have numerous, large leaves of satisfactory tannin
content. In a commercial test (9), all three made good leather.
From available data, no choice between the three can be made, and
it is doubtful if one should be attempted. The eastern United States
‘may be divided into three regions according to predominating species,
as shown in figure 9. Probably it would prove most profitable to use
all three species, collecting each in the region where it predominates.

Rhus trilobata, although it has small leaves and is not well dis-
tributed, might be of value because it has a high, uniform tannin con-
tent, produces light-colored leather, and grows in a region where
drying conditions during harvest time are favorable. Machine
handling might make the use of this plant possible, notwithstanding
the fact that it has only a small amount of leaf material per plant.
The next step in the evaluation of this species should be a com-
mercial tanning test.

The remaining four species, Rhus aromatica, R. lanceolata, RB. micro-
phylla, and R. virens, probably merit little further consideration be-
cause they are of limited distribution, they are not abundant, and they
are low in tannin. Also, R. microphylla has small leaves, and R.
aromatica and R. virens appear to produce leather of poor color.

“Although this bulletin is concerned only with wild plants, it might
not be amiss to. consider briefly some of the advanta%es of growing
sumac as a crop. Quality could be improved and controlled by propa-
gatingselected high-quality strains,someof which are already available;
similar improvement of wild stands would be impossible. Mechanical
harvesting and handling should result in lower cost of production and
should be much more easily applied to a cultivated crop than to wild
stands. Owing to the nature of the tanning operation, the tanner has
difficulty in using a tanning material if its quality is variable or thesupply
iserratic. A cultivated crop would have a decided advantage over the
wild crop with respect to uniformity and dependability of supply.
Finally, growing sumac as a crop on poor land would fit into the soil
conservation program because of the value of sumac for controlling



erosion. The data presented here should be of considerable assistance
to prospective growers of sumac in selecting locations for operation
and in choosing species and strains for propagation. -

SUMMARY

Eight species of sumac (Rhus) that grow wild in the eastern and
southern parts of the United States were studied to determine their
tannin contents and abundance. A brief description of each species
is given, including the geographic range in which it grows and the
range in which collection of certain species for commercial use might
be profitabla.

An intensive survey of the quantity of sumac growing wild in an
area of approximately 12,000 square miles in the southernmost tier
of counties of Virginia indicated that about 43,000 long tons of dry
sumac leaf would be available there annually.

Approximately 684 samples of leaves and 311 samples of other
parts of the plant were analyzed for tannin and related constituents.
Leaves, leaflets, and flowers were high in tannin. Petioles, rachises,
stems, bark, wood, and seed were low In tannin, and consequently their
inclusion with leaves would reduce the quality of the latter appreciably,
especially since they were also low in purity of extractive.

A statistical study of the effects of various genetic and environmen-
tal factors on the composition of the leaves of Rhus copallina, R.
glabra, and R. typhina revealed the following relations.

The leaves of male plants of Rhus copallina contained, on the aver-
age, 3.3 percent more tannin than those of female plants. No sig-
nificant difference in tannin content was found between male and
female plants of R. glabra.

Leaves of Rhus copallina and R. glabra growing in partial shade
contained an average of 2.8 percent less tannin and 1.3 percent more
nontannin than leaves of similar plants in full sunlight.

The tannin contents of Rhus copallina and R. glabra leaves varied
inversely with the height of the plant. There was a decrease of
0.61 percent in the average tannin content of the leaves for each foot
of increase in height of the plant.

The date of collection also influenced the tannin content. There
was an average decrease in tannin of 0.047 percent per day during the
summer. .

The condition of the leaves of Rhus copallina and R. typhina did
not affect their tannin contents.

The average tannin content of Rhus copallina varied significantly in
three geographic areas. They were: An eastern area (I); a southern
Appalachian and Piedmont area (II); and a central area (III). No
geographic variability in tannin content of the leaves of R. glabra or
R. typhina was foundsf .

The average tannin content of moisture-free leaves of each species
was (in percent): Rhus trilobata, 39.14; R. copallina (area III), 36.68;
R. copallina (area II), 33.09; R. glabra, 27.28; R. copallina (area I),
27.05; R. typhina, 25.60; R. lanceolata, 22.01; R. aromatica, 21.76;
R. virens, 20.37; and R. microphylla, 19.32. The average nontannin
contents ranged from 24.5 percent in R. microphylla to 18.35 in R.
lanceolata. The average nontannin values of the three most widely



distributed species, R. copallina, R. glabra, and R. typhina, were
between 18.58 and 19.86 percent. Insolubles in extractive values
were highest (3.55 percent) in R. virens and lowest (1.49 percent) in
R. trilobata. -

Limited tests indicated that any of the species except Rhus aromatica
and R. virens would produce leather of satisfactory color.

The data indicate that Rhus copallina, R. glabra, and R. typhina
are most promising for commercial development and that R. trilobata
might prove of value under certain circumstances, The remaining
four species, R. aromatica, B. lanceolata, B. microphylla, and R. virens,

“have objectionable features that would probably prevent their suc-
cessful competition with the other four specics.
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Lists or SampLis Usep IN DETERMINING VARIOUS ASSOCIATIONS

The following samples were used in determining the effect of sex (table 4).

Sex Sample No.
Rhus copallina:

46, 47, 48, 49, 50, 51, 52, 61, 80, 83, 90, 91, 100, 105, 107, 109,
Male____. . . 111,

Femalo. 53,1 153, 15?2 56, 57, 58, 59, 60, 62, 82, 84, 88, 89, 101, 106, 108,

Rhus glabra: :

205b, 205¢, 235a, 235b, 235¢, 239, 241, 272, 275, 323a, 323b,
323c, 323¢, 323f, 323¢, 323h, 323i, 323j, 323k, 3231, 320a
329b, 329¢, 330a, 335a, 337a, 337b, 338a, 338h, 339a, 339b,
340, 341, 342, 343, 344, 345.

207a, 207h, 236a, 236b, 236c, 240, 242, 273, 276, 324a, 324b,
324c, 324d, 324f, 324g, 324h, 324i, 324j, 326a, 326b, 326c.
326e, 326f, 326g, 326h, 326i, 327c, 327d, 327¢, 327, 327g.
327h, 331a, 331d, 332a, 332b, 333, 333b, 333c, 334a. 334D,
336a, 346, 347, 348, 350, 351, 353, 354.

The following samples were used in determining the effect of exposure to
sunlight (table 5).

Female____ .

=
=
[
1
1
1
'
1l
'
i
‘ '
A A, e e,

Location Sample No.
Rhus copallina:
) 46, 47, 49, 50, 51, 52 versus 48.
2. ... e 53, 54, 55, 56, 57, 58, 59 versus 60.
b S 63h, 69a, 70 versus 66, 67, 68.
L S 91 versus 90.
5 .. 107 versus 105.
6. .. 108 versus 106.
T . 111 versus 109.
8. ... .. 112 versus 110.
Rhus glabra:
¢ D 228 versus 227.
100 ... 329a, 329c¢, 329g versus 330a, 330b, 330d.
11 333a, 333b versus 334a, 334b.
120 ... 324a, 326a, 347 versus 336a, 346, 348.
13 . 341, 342, 323h, 329b versus 335a, 340.
14___________ 337a, 338a versus 328a, 330c.
16 . _._. 338b, 343, 344 versus 335b.
16, .. . ___. 323g, 323h, 323i, 323j, 323k versus 328c, 328d, 328e, 328f,
328g.
17 . 332¢ versus 336b.

The following samples were used in determining the effect of height of the plant
(fig. 14).

Regression line Sample No.
Rhus copallina:
) 46, 47, 49, 50, 51, 52.
P 53, 54, 56, 57, 58, 59.
3. 80, 81.
L S, ... 88, 89
Rhus glabra:
S J 236a, 236b, 236¢, 237a, 237b, 237¢, 238a, 238b, 238c.
6. .. 243, 244, 245,
T 323a, 329a.
8 . 323c¢, 323d, 329¢, 329d.
O ... 323b, 329b, 341, 342.
10._...__..__ 328a, 330c.
11 337a, 338a.
12 . ... 323e, 338b, 339a, 343, 344.
13 ... ... 323f, 345.

4. . 3231, 337b, 339b.



Regression line

Rhus glabra—Continued
15

Sample No.

324a, 326a, 333h, 347,

334b, 336a, 346, 348.

324¢, 326b, 331a, 332a.

324d, 326¢, 332h, 350, 351.

331b, 252,

333c¢, 353, 354.

327a, 331c.

324e, 324f, 324g, 324h, 324i, 324j, 326d, 326e, 326f, 326g,
326h, 325i, 327b, 327¢, 327d, 327e, 327f, 327g.

327h, 331d.

The following samples were used in determining the effect of date of collection

(fig. 15).

Regression line
Rhus copallina:

Sample No.

., 63d, 63e, 63f, 63g, 63h, 63i, 63k, 631, 63m, 63n, 63p.

196a, 196b.
208a, 208b.
209a, 209b.
235a, 235b, 235c.
236a, 236b, 236c.
237a, 237b, 237c.
238a, 238b, 238c.
264a, 264b.
264c, 264d.
267a, 267b.
267¢c, 267d.

. 268a, 268b.

268c, 268d.

_ 269a, 269b.

269¢, 269d.
270a. 270b.



Regression line Sample No.
Rhus glabra—Continued
17

___________ 271a, 271b.
18 .. __.. 271ec, 271d.
19 ... 274a, 274b.
20 .- 274c, 274d.
21 . 277a, 277b.
22 ... 277c, 277d.
28 . 278a, 278b.
b7 S 278¢, 278d.
25 o 279a, 279b.
26 e 279c¢, 279d.
27 e 280a, 280b.
28 - 280c¢, 280d.
29 . 281a, 281b.
B | J S 281¢, 281d.
31 ... —--- 323a, 323b.
32 ... 323¢, 323d, 323e, 323f.
k1 S 323g, 323h, 323i, 323j, 323k.
34 . 324b, 324c, 324d.
35 L 324f, 324g, 324h, 324i, 324;.
36 - 325d, 325e, 325f, 325g, 325h.
37 - 326bh, 326¢.
38 .- 326e, 326f, 326g, 326h, 326i.
39 ... 327¢, 327d, 327e, 327f, 327g.
40___________ 328c, 328d, 328e, 328f, 328g.
41 .. 329a, 329b.
42 .. 329¢, 329d, 327e.
43 ... 330b, 330c.
44 __________ 330e, 330f.
45 .. 331a, 331b, 33lec.
46 ... 332a, 332b.
47 . 333a, 333b.
48 ... 334a, 334b.
49 ... 338a, 338h.
Rhus typhina:
) D 410a, 410b.
2 o 426a, 426b.
k. S S 438a, 438b.
S SO, 438¢, 438d.
5 - _--- 439a, 439Db.
6. 439c, 439d.
RN I 442a, 442b.
8 . 442¢c, 442d.
¢ SR I 444a, 444b.
100 oo__. 444c, 444d.
11 ... ---- 445a, 445b.
12 .. 445¢, 445d.
13 . 446a, 446b.
14 ... 446¢, 446d.

The broken lines for Rhus. glabra in figure 15 are based on the following sam-
ples collected in spring: 205b, 206a, 207a, 324e, 325c¢, 326d, 327h, 328b; and

the following samples collected in fall: 205¢, 206b, 207b.



